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A METHOD FOR THE EARLY DIAGNOSIS OF CANCER 



FIELD OF THE INVENTION 

Tliis iuventioa relates to methods foe die ea^ly Uiuguusis cancer. 

BACKGROUND OF THE INVENTION 

It is generally agreed that early diagnosis of cancer is almost always a 
5 prerequisite of successfid treatment. For example, the WHO Expert Committee's 
Report on Early Detectioa of Canc^ (1969) stated that over half of cancer patients 
could have been cured if the disease had been detected at an early stage and treated 
soon after detcxtion. In view of the widespread incidence of the disease, mass 
screening techniques would evidently be of great value, such as is available, for 
10 example, at least in developed countries, in the field of tuberculosis of the chest by 
means of nia:iy X-ray examhiatiou. 

Among piTSvlous proposals for the diagnosis of cancer may be mentioned 
Ihe following. In U.S, Pat No, 3,476,514, there was described a method of 
detecting cancer cells by staining test cells wilh acriilavine-HCl solution, 

15 deteraiinhig hidirectly the dye absorbed by the Icsl cells and comparing with a 
control .TP .•>4, 143,528 proposed a method for diagnosing malignant tumors vrtilch 
utilized an mjectaWe cnmpojrition containing an endotoxin exxracted flrom cultured 
bacteria. In (iB 1587244, there W3s described inter alia, the use in a serum 
agghitination test on the sera of patients, for the defec^;o^ of neopl.^sm, of jLn 

20 antigen produced by a species of the genus Streptococcus. 

Bodily health is known lo be affected by the nature of die mtestinal flora^ 
which apparently influences, for example, metabolic processes and both local and 
general, body Lmmune response. It has also been known for some time thai certain 
of tbe intestinal flora bacteria of nomial humans have oncolytic activity, and thai 
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tiiere exists a relationship between intestinal raicrofloral composition and cancer 
morbidity, see e.g., Oieynik, S-F. and Panchishina, M.V., "About Coliflora and 
Cancerotycity and Cartanogenicity of the intestine", Vrachebnoye-dclo, 5:13-17 
(1968). 

5 Tliere ate several publications relating to the use of fecal samples for ttie 

detection of cancer. For example, EP 6«573y described a melbod for the diagnosis 
of colorectal cancer comprising reacting anti-UAi' antibodies with a supernatant of 
a fecal sample thereby forming an antigen-antibody complex and measuring the 
amount of complex formed. Another pubUcation is U.S. 5^52,200 which describes 

10 a test for diagnosing the presence of cancerous cells in Bamples of human tissue, 
fluids or semi-fluids such as feces, by the detection of transcripts for stromelysinO-3 
in the tissue cells. 

JP 6258324 desOTibes a method for the diagnosis of digestive-system cancer 

disease by using an antibotfy selective to variation-type protein of the cancer- 
15 suppressing gene P53, while U.S. 5,455,160 describes a method for detenninatioa 

of fecal calproUjdiii as a parameter for monitoring Inflammatory Bowel Disease 

and gfl.stminTcstinal cancer. 

Finally, U.S. 5344,762 describes a mctiiod for an early diagnosis of eoncer 

by incubating (ft vitro a huniau fecal sample including bacteria with a standard 
20 culture of a known number of umcer cells. After a time period tiic number of 

cancer cells jnteracied and non-interacled wiUi the bacteria is counted and the 

results are xised for determination of a disease sUlc. 

SUMMARV OF THE INVENTION 

It has now beeii found tliat healthy individuals and cancer patients show 
25 striking differences in aicir fecal microflora. In particular, healthy individuals were 
shown to present a higher percenlage o£ Escherichia coll (E.coU) with cunoerolytic 
activity as compared to the mictoflord of cancer patients. 
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Thus, according to a first of its aspects, the present invention provides a 
method for the early diasnosis of cancer in a. Fiihjeci, the method comprising the 
steps of: 

t) providing a fecal sanjplc from said subject; 
s u) treating said sample to oblaiu a feces-dcrivedmicroorganismasonqjle; 

Hi) identifying in the microorganism sample one or more types of 
tnicrootganisms contained therein and; 

iv) determining for said one or more microorganisms ils relative fi.-action 
ftom the total count of microorganisms in said sample or hi a corresponding 
10 sample, the relative fiacdone being indicative of the presence or absence of 
cancer in said subject. 
The term *'emfy diagnosis of cancer as used herein interchangeably with 
the terms ''early detection of cancef\ '^cancer screening" oc "conjimtadan of 
cancer is intended to convey such diagnosis, whedier or not Uic cancer has 
15 reached tbc stage in which it is detectable by other mediods presently avaUablc to 
(he clinician. 

The present invention also provides, according to a second of ib aspects, a 
meUiod for an eariy diagnosis of cancer in a subject comprising the steps: 
i) providing a fecal sample firoiu said subject; 
20 il) treating said fecal sample lo obtaui a feces-dcrivod microorganism 

sample therefrom; 

ui) identifying m the bacteria sample one or more typos of 

miOfOOTguiusms ; 

iv) determming for each of said microorganisms Its relative fiacUon ftom 
Oie total count of microorganisms in said sample or iJ3 a coirespondmg 
sample; 

V) isolating one or more microorganisms from said sample for which 
Their rclalive fraction was determmed; 
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vf) preparing a diagnostic sample containing one or more of the isolated 
microoiganisms, the firaction of die microorganisins in said diagonstic 
sample correspoojdiijg to the reljuive fraction thereof in the fecal sample, as 
determined in step Qy); and 
5 yn) interacting said diagnostic sample with cancer cells for a time period 
sufficient to detect lysis of said cancer cells by the microorganism in said 
diagnostic sample, thereby detcnnining for said fecal sample a tumor cell 
nccrosb index (TCNI). 
As indicated above, the diagnostic sample may contam one or more 
10 microorganisms. When containing a single microorganism, the larter is diluted m 
the suitable medium to a concentration comespoDdiDg to its relative concentration 
in the original fecal sample. However, when using two or more isolated 
roicroorgonisms they are re-mixed to fonn a dispersion of microorganisms in which 
the fraction of each microorganism corresponds to its relative fraction in tb£ 
15 original fecal sample The forowtiori of the diagnostic sample may be reterted to 
herein, at times, as the rc-mixing st^. 

An important feature of this aspect of the mvention involves removal of 
oontammations Ixom the focal sample before preparing the diagnostic sample Irom 
the isolated microorganism according to flieir relative fraction in the oci^nal fecal 
20 sample, "niacforc, treating the focal sample to obtam a feces-derived 
microorganism sample Uietefrom includes, removal of undesired contamination 
from the fecal sample lo obtahi an uncontaminatcd fcccs-dcrived microorganism 
sample. It has been found that the pnwcncc of contamination fi?om tfao fcoos- 
derived microorganism samples, resulls in deviation in the value obtained for the 
25 TNCl. 

Finally and m accimlance with a tbird aspect of the present invention, there 
is provided a method for an early diagnosis of cancer in a subject comprishig the 
steps: 
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f) providing a fecal sample from said subject; 
it) treating said sample to obtain a feces-derived microorganism sample; 
iii) identifying in The microorganifan sample one or more types of 
nucroorganisms contained therein and isolating at least one microorganism 
5 capable of expressing in a healthy subject L*asparaginase R (L-PAR II); and 

Iv) determining level of expression of L-PAK. II by the isolated 
microoigonlsm or level of asparginase hydrolysis by said L-PAR II, said 
level is indicative of the presence or absence of cancer cells in said subject. 
As will he shown in the following non-limiting examples, the level of 
10 expression L-PAR H or level of asparghiase hydrolysis by the enzyme indicates the 
probability of an individual to have cancer. Tn particular, low levels of expression of 
L-PAR n as well as low levels of asparaginase hydrolysis may suggest the high 
probability of a subject to have cancer, 

BRIEF DESC3WPTION OF THE FIGURES 
15 Figure 1 is a schematic illustration of the methods of the preset invention- 
Figures 2A-2B are pictures obtained hy micra<;cppe of cancer cells treated with the 
diagnostic sample of the present invention, the diagnostic samples derived either 
ftom a healthy subject (Fig. 2A) or form a cancer patient (Fig. 2B). 

DETAILED DESCRIPTION OF THE IM VEN TION 

20 TTie present invention is based on the finding that thece is u coxrt?latiun 

bctvv'TOi the relative fraction of niicroorganisrns in die feces and the probability of a 
subject to have canc^ In addition, vAica incubating stondard cancer cells with 
specific microorBanisms isolated from feces of a subject susceptible Of canylng 
canoea: cells, the microorganisms being mixed in a relation corresponding to that 

25 present in the feces of the individual, their capability to lyse The cancer cells was 
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found to be indicative of the absence or presence of cancer cells m the subject and 
of the level of disease in said subject 

Figure 1 provides a schematic illuslratiuji of tlie dlfifcrcot aspects of the 
method of the present invention. 
5 ITius, aceording to a first of its aspecls, (he pi-esent invcDtion provides a 

method for the early diagnosis of cancer In a subject. The meltioU wcnprises the 
st^s of (i) providing a tecal sample (step 10) from said subject; (ii) IteaOug said 
sample to obtain a feces-derived microorganisms sample, for example, by removal 
thcrefiom undcsired contammation (step 12), such as aggressive microorganisms 
10 which may lead to deviation in the screening; (iii) identifying in the microorganism 
sample one or more microoiBanisms contained therein (step 14); and (iv) finaUy 
derjerminlng for each of said microorganisms its relative fraction from the total 
count of microorganisms m said sample or in a ooneaponding sample (i.e. a second 
sample from ihe same subject, hemp, treated in the same manner as the tested 
J s sample) (step Ifi), the relative fractions being indicative of the presence or absence 
of cancer in said subject (step 1 8). 

The subject, m be diagnosed for cancer is preferably a mammalian animal 
and more preferably a human. 

According to one embodiment, any type of the various types of malignant 
20 neoplasms derived from epithelial tissue (i.e. caixjiiiomas) may be detected by the 
method of the present invention. As will be appreciated by those versed in the art of 
medicme, such neoplasms occur frequently in the skiii, lai-ge intestine, lung, 
prostate gland and breasts among oiiier organs, Thsrefure. acc-ordiiis to one 
prcfcircd embodiment the method of the present mveoUuu uiay be utilized for the 
23 early detection of any one of the above carcinoma. 

The relative fraction in the fecal sample of ea«li type of the miccoorgonisms 
is determined by calculating the percentage of said microorganism from the total 
count of microorganisms in the same feces derived sample. In order to determme 
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The same, ihe microoigamsnis are pccfci-ably first treated, e.x-, to remove undesired 
contamiaaHonR, followed by isolation of iJie miorooiganisms by any convwaoaal 
isolating tecbnique. For example, ihe microorganisms may be isolated by colouicB 
fornjation oa selective culture medlirms, as will be fiinher detailed hereinafler. 
5 According to one embodiment the microoiganisnw eiupluyed by Uie 

screening method of the present invention are bacteria. One group of feces-derived 
bacteria includes, without being limited thereto, gram-negative anaerobic bacteria. 
Examples of such gram negative bacteria that typicaUy tohflbit the Imfistlnal tracts? 
Escherichia, Salmonella, Shigella, Klebsiella, Yersinisa, F^tprohacter, 
10 Ilemophilta, Gardnerolla and Pastaurella. 

According to one preferred embodiment, the bacteria employed by the 
method of the present invention are H.coli. these bacteria may be isolated from 
the fcccs-dorived sample by the use, for example, of culture medium selective for 
E.coli, such as MacConkcy agar or m-Endo agar. 
IS In addition, the bacteria may be a gram-positive bacteria. Examples of gram- 

positive bacteria include, inter alia. Staphylococcus, Enterococcus, Streptoc^cus, 
Luctococcu^, According to one preferred embodiment the bacteria is Streptococcus 
bovis or Ertletococcus sp. 

The Entcrocooci colifonn may be isolated from the tecal sample by 
20 cuUuring Uie feccs-dcrivcd sample on a culture medium selective tor Enterococcus. 
Non-limiting examples of Entcrocoooua selective medhxms include Slanetz-Bartley 
agar and Bile-esculine-azidc agar. 

Evidently and as will be further explained in the foUowing description, the 
screening roelhuU of the present invention involve determination of the relative 
•i5 fraction of a single type of bacteria or of several bacteria in order to detetmine the 
probabiUty of a subject to have cancer. Each kind of bacteria being identifled and 
isolated as described above. 
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Referring again lo Fig, 1, the scrsenlag niediod of the present laveatioii may 
include the additional steps of (v) isulaling one or more microutganjijnis Irom ihe 
sample for which their relative fraction was detecmined (step 20); (vi) preparing a 
diagnostic sample containing one or more of the isolated microot^ganismi;, the 

5 fraction of the mictootganisms in the diagonjoic sample corresponding to the 
relative ftadion thereof in the fecal sample, as determined in step Qv) (step 22) 
Dilution or k mixing of the microorganisms in a controlled manner as defined 
above is essential in order to increase the ej3fectiveness of the method of the 
invention); and (vii) intcructiDS (contacting) the mixture with cancer cells for a time 

10 period sufficient to detect lysis of the cancer cells by the bacterial mixture (step 
24). from which a tumor cell necrosis index (TCNI) is determined for the specific 
tested fecal sample (steps 26, 28), 

The cancer cells employed nwiy be any standard culture of cancer cells, for 
example MCF7. The iiUisraction of the bacteria mixture with the cancer cells 

15 includes incubation of the bacteria and cancer cells under conditions suitable for 
the bacteria to act on the cells. These conditions include suitable temperature (e.g. 
37^C), and a time period (in the following examples, 4 hours), suffidenL to 
deteraiine the extent of interaction between the bacteria and the cancer cells, (he 
extent of interaction is determined by the degree of lysis of the cancer cells by the 

20 bacteria nuxture (the diagnostic sample), ihis may he observed, for example, by 
the aid of a microscope or an Automated Computer Assisted Microscope, wherein 
the number of remaining cancer cells is counted. 

Figures 2A and 2B show microscope pictures obtained after incubation of 
cancer cells with a bacterial sample obtained from a healthy saihject, (Fig. 2A) or 

25 from a cancer patient (Fig. 2B0 Hiese pictures show that in the presence of a 
bacterial sample obtained from a sick subject, only a few cancer cell. remain, i,e. 
tliere is an cffectiYC lysis of the cancer cells by the bacterid. 
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Referring again to Fig. I, the method of the invention may comprise tlie 
steps of: 

f) providing a fecal sample from said subject (step 10); 

ii) treating said sample to obtain a feces-derived microorganism 
5 sample (step 12); 

in) identifying in the bacteria sample at least one type of 
microorganism capable of e^ptiessing in a healthy subject L-aspaittginasc 
n (L-PAR n) (step 14); and 

iv) dtJtenniniiig level of e^qTiession of L-PAR XL or level of activity of 
10 I^PAR IT (Step 30), the level is indicative of the presence or absence of 

cancer cells in said subject (step 32). 

L-asparaginosc is an enzyme which catalyses the hydrolysis of L-asparagine 
to aspartate and ammonia. It may be isolated from a number of sources including 
bacteria, plants and animal tissues, but not fixwn humans. Escherichia coli produces 
15 two forms of Ihis enzyme-, designated type I and type II. Tlxc two lyp^ of L- 
asparaginases diHer in a scvcraJ asyccls, some of which air detailed below: 

L L-abpar<igixiasc I (L-PAR 1) is an enzyme located in the cyloplasni, 
whereas L-PAR His a secreted prutcui. 

2. Tlic activity of L-PAR II is regulated by o:syfien levels in the 
20 medium such tliat a higli level of induction is obtained under anaerobic 

conditions. 

3 . L-PAR n has a much higher amntty for is substrate than L-PAR L 

4. The two enzymes have different solubility and chromatographic 
behavior as well as a diffeieat pH-dcpondcnt aotrvity. 

25 L-PAR U has been shown to inhibit the growth of a number of animal 

tumors in vivo , and to interfere with the synthesis of protems in vUtc , The anti- 
tumor activity of L-PAR n may result from the need of the cancer cells for their 
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capidt maligoant growth and thxis. survival a large amount of asparagiucs* These 
cancer celb u^e a^ipard^uics irum tlie diet as well as Iroin eudoj^eiiuusly pruduced 
product (which is limited) to satisfy tlieu: large asparaguies decnaiid. Ticalment o£ 
cancer cells with L-PAR II was found to cause increased hydrolysis of asparagine 
5 external to the cell, such that while nonnal cells are able to provide thraiselves with 
all the asparagine they need intenwlly, cancer cells become depleted rapidly and 
die. 

As will be shown in the following examples, it has now been found tliat 
healtby individuals and cancer patients show striking ditferences in then- fecal 

10 microflora, and in particular in the levels of L-PAR II therein which let to the 
claimed invention. In particular, the present invention disclosed the correlation 
between levels of L-PAAR II and cancer cells, such that low ieveis of expression of 
L-PAR n or of activity of L-PAR II, indicate the presence of cancer cells in said 
subject and vice versa, 

15 As will be appreciated by the skilled in the art, different bacteria may 

C7iprc3s L-PAR H. L-PAR U isolated from E, coli has been extensively studied and 
appears as a tetramcr of approximately 140 kDa* Thus, according to one preferred 
embodiment of the invention, the bacteria identified and isolated for detection of 
the level of expression or activify of L-PAR n is E. coli. 

20 The following description provides specific examples for executing the 

present ijivention. The present invention is defined by the claims, flxe contents of 
which arc to be read as inclxided within the di scloaure of the specification, and will 
he described in the full-owing non-limiting examples. It should b© clear £hat other 
variations hi form and delail of the invention may be possible without departing 

25 from The scope and spirit of ihc iirvention eus herein disclosed. 



EXAMPLE I 



Malenals 

Mac Conker ogor; m-Endo Agar Lea; Slnnetz-Bortl^ agar; Bile-e3cuJia(>- 
azide agar; Simmons citrate; MIO medium; Mueller Hinton agar; Esculine 
agar/TSA+6.5% NaCl (divided plate); and Indole test strips wece all purchased 
from Hylabs, Paik Tawiar, Rdiovot, Israel. 

Melliods 

Preparation of fecal soitq/les 

Bamplcs of feces were homogenized, weigh (5 gr per sample) and 
introduced each into sterile, 50 ml, tubes. Each sample was then diluted with sterile 
Saline (20 ml), rortexcd for approximately 10-15 seconds ond then incubated iqwigbt 
al room temperature for approximately 15 minutes until large particles setded to the 
bottom of the tube. Altcmativcty, the sonqjles may be epinnsd for 3 minutes at 400 rpm 
(Sorvall ueiilrifuge) until the large particles settle at the bottom of the tube. 

From each sample, the upper portion (i.e. not including the large particles) 
was removed and introduced into a second sterile tube further voitejdng for 
approximalcly 5 seconds. Alternatively, a bactcriologicol loop may be dipped into 
the upper portion of ihe sample for removal of desired aliquots. The resulting 
samples were then optionally dUuted with sterile Saline according to the following 
rations: 1:10*. l:lO^ 1:10'". 1:I0". 
Prtjsaratlan of micraorgunism colonies 

Aliquots (lOOul) from the 1:10^ and MO" diluted samples were 

homogeneously inoculated on dry Sljoietz-Dartlcy and BUe-esculino-azide plates 

(for isolation of Entcrueuccus sp). 

In uddilioo, aUquots (lOOjiJ each) from the 1:1010 and 1:1012 dUutions 

were homogenwuiily inoculated on dry MacConkey (for isolation of coUform 

containing Esufucrichia coli (Ccoli)). Mueller Hinton agar plates were used to 
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detennine Gram negoiive and total bacteria count and were inoculated in lUc same 
manner as with tiie MacConkey plates. 

A sample 6rom the untreated (undiluted) feces (lOpJ) was spread on 
McConkey Agar plate or m-Endo Agar Lcs plates (tlie lattei' sclwiive fin coliform 
5 including E, coli. This '^undiluted" sample is used to verify that Ihc "cleaning'' and 
humugcdbaiUuu pruccst> dva nuL change the final outcome in terms of types of 
bactcda and iirlativc cuunlin^. 

All plates were incubated for 12-24 Iioun* at 3T*C unlil colonies of bacieria 
zqjpcaied on Qic plates. When necessary, typically with the Slanetz-BartlQ^ and 
1 0 Bile-esculine-azide plates, incubation for up to 48 hours was performed- 

All colonies grown on Mac-Conkey and Mueller Hinluu plates were 
counted fin' determination of the total bacteria counL 

Eiiterococcus sp. colonies appeared on die Slanetz-Bartley aiid Bilt^-esculine 
adde plates as red or big black haloed colonies respectively. These Enterococus sp. 
ii> colonies were counted, TtiQ percentage of the Enterococci colonies ftom die total 
number of colonies was? determined- 

Furfhei; in m-endo-LES medium pink, oDT-wliiLe ur blue-puiple Coliform 
colonies appeared, bemg indicative for the presence of E.coli colonies. 

Srreptocaccus bovb' colonies were determmed as those behig Blle-Esculinc 
20 positive and Group D antigai positive, however. NaCl (6.5%) negadve and PYR 
negarive- 

For The fonnation of single colony plates, Uie following procedure was 
employed. By the use of a bacteriological loop coliCoira colorucs were picked 
(quantity d^ends on cpiantitative analyyis of Ihe sainplc in order to iiiaiulaui Ihe 
25 original ratio) from each plate and transfen:ed onto a Mueller-Hinlon A^ plat for 
incubation at 37°C. 
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Rcsidis 

The presence or absence of Enterococcus sp, and/or Streptococcus bayus in 
the diflferent plates was examined. Enterrvccocus sp. bacteria wqpc idoitificd a$ red 
colonics on Slanctz-Bartlcy or big black haloed colonics on Bilc-cscuIlue-azLde U3 
5 described above as well as those colonies that were Bilc-Esculiue positive md 
NaCl (6.5%) positive 

Streptococcus bovis colonics were dctcnniiied as those bemg Bilo-Esculiue 
positive and Group D antigen positive (coterococci bear the LauceCeld Group D 
aatigea, however, NaCI (6.5%) amative and PYR nejE^ative (Enleroaaccns produces 
10 a positive PYR test (red color produced after addition of K N methyl 
aminocynnanialdehyde reagent after ejq)osure to L-pyrrolidonyl-beta- 
naphthylamide (PYR) substrate). Streptococcus bovIs was determined in ihe same 
manner. 

The following Table 1 shows the results obtained. Positive results are 
1.5 indicated by *V in the table. 



Table 1 





Blle-Esculia 


NaCl (6.5%) 


PYR 


Group D Antigen 


Enterococcus sp 




+ 




+ 


Streptococcwi 
bovis 


+ . 
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Aa indicated above, MacConkey Agar plates support growth of colifoim 
containing EnLciubactoiia (E.coil). Typioallv, E.ccU appears aa red colonies (lactose 
20 positive), Iw order to detc(.niinc tiic fraction of E.CoK fiom the total Entcfococoi 
colonies and thereby from Uie total bacteria count, the following tests were 
performed, (a) Indol test; (b) Sinnnoub Cilrale test; (c) Oruitia© decaitoaylasc 
(ODC); and (cl) motility tesL 



E.coU colonies were ddcrawied oiily when 98% of Ifac bacteria were liidol 
positive; 99% of ihe bacteria WCTe Simmons Citrate negadvtj; 65% of ttie bacteria 
were Omitiae decaAoxylase (ODC) positive; and 95% of the bacteria were niolile. 

Alternatively, the indol, ODC and motility lesls may be pcrfoniied using au 
MlO medium which enables conducting all three itjst iu a single procedure. 

The fraction of E.coli firam the total coUfomi was detennincd by calculating 
the peiceniage of red colonies from the total amount of colonies grown m flic same 
Slanetz-Bartiey agar plate or by calculating the percentage of red colonics on 
Slanetz^Bartl^ plates from the total amount of colonies on Miieller-Hmlon plates 
(more accurate). The analysis was perfonneri u.<;ing a .spectrophotometer. 



EXAMPLE U 

Incubation of bacteria with cancer cells 

Far evaluating the eflEect of the fecess-derived microorganisms on cancer 
cells, the following procedure was perfonneri: 

A suspension of cancer cells (concentration of 4xl04ceUs/100 m seruiu- 
ficc DMEM was introduced into 96 well plates (6 duplicates for each stool 

sample). 

Mueller-Hinton plates containhig bacterid were washed with 10-iul DMEM 
and the bacterial suspension obtained was collected in I5-ml tubes. Aliquots of 
bacterial suspension (50 ^d of bacterial suspension Q2jcIO^ baaeria /ml)) were then 
iutitxiuccd into tbc tumor cell-caatairung wells. 

Tor the forrnntion of single colony plates, the procedure as described above 
was employed. In particular, by the use of a bacteriological loop ooliform colonies 
were picked (quantity depends on quantitative analysis of the .sample m ordw Uj 
maintam the originol ratio) from each plate and traosferred onto a Mueller-Hinton 
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Agar plat for incuhadon at 37'C lo fona the diagnostic sample for further 
incubation with the cancer cells. 

Cancer cells-conlaining wells, in which iw bacteria wens introduced, were 
used as a tegular negative control. 

AU weUs were then incubaied for 4 hours al 37«C after which the content of 
each weU was mixed and aliqunts of ihe weU comeni (130^U.) were dried uii glass 
sUdee at room tempetahire until the slides became dry foUowed by GxuhM of the 
colls on the slide and staining of the cells according to manufacturer inswuctions 
using the Giemsa stain kit CMerdc). 

The extent of interaction between the test sample of bacteria and die 
standard culture of cancer cells is made by counting the number of cancer cells 
remahdng in the visual field of the microscope, after fixine 'fyeing as 
necessary. The operative methods for comttng cells on a microscope slide are per 
se known to persons in the filed and include, for example, human manual counHng 
,5 or by Uie use of an Automated Computer Assisted Microscope (ACAM) using «. 
pre-defined algurilhm (by counting 64 fields per glass slide). 

The automated Computer Assisted Microscope disclosed herein, performs 
the following priucipal steps; 

1) A three dimensional (3D) Auto-Focus is directed at the depth of the 
21) cells and not lo the bacteria. CcUs only from the sUde window; 

2) By the use of a counting software, the cells are classified as high 
^,^ant -levant, not relevant, highly not relevant cells, etc. by analyzing each cell 
object to determine if its external membrane has not beea disrupted (by the 
bacteria) or is "damaged", i.e. at least partiaUy lysed by the bacteria; 

25 3) Further, by the use of the software, cell.*; are differeoiiaied fipom other 

objects ufOie same su«: and of aeimilar shapes (including GimzA dry stains); 



4) Yet foither, by the u5» of the counting soflware, cells are w 
predefined window in order to iritoimize any cleviaiinns in the resulting index as 
defined below. 

A Tumor Cell Necrosis Index (TCNI) may be calculated which is indicative 
of the number of surviving cancer cells. The TCNT may be determined according to 
the following equation: 

(a-b)/aXlOO = C 

wherein 

C = the tumor cell necrosis index CTCNI) 

0 = the number of cancer cells m the negative control samples (wilUout die 
bacteria) or the number of standard cancer cells destroyed in the presence of (he 
'control' bacteria; 

b = tlie number of cancer cells not destroyed by the tested sample. 
QuaUtatively, it will be apparent OiaL iu a healthy patient in which the 
intestinal bacteria have a similar activity lu ihe 'control' sample, b will be low 
givmg a relatively high ICNI, whereas with cancer patiewUi carrying canocrolytjc 
cells b wiU have a relatively high value and the TCNI wiU be lower. 

Results 

Fig. 2A and 2B show microscope pictures of die result of incubation of 
bacteria samples obtained from cancer padenls or healdxy subjects (diagnostic 
samples as prepared by the method of the present mvendon) witli the standard 
cancer cells. In particular, a larger amcnint of viable canwn: cells arc visualized in 
ihc culture treated with a sample obtained from a healdiy subject (FiK.2A), as 
compared to the result obtained with a bacteria sample obudiied from a sick subject 

(Fi*;. 2B). 

The results obtained were analyzed staiistlcaUy based on a group containing 
110 subject, of which 38 were active cancer patienUi. 36 were cancer patients with 
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no evidence of disease (iiC, potentially cured, ako itsCcixcd to as caucei NED 
subjects) and 36 were healthy subjects. 

Tn the following analysis Ihrec cuL-ofT values of TCNI were ddcnnincd 50% 
cut-off, 60% cut off and 70% cut-off. For example, in the case of 60% cut -off, if 
5 upon mixing the bacteria with cancer cells more than 60% of Ihe cells wece 
destroyed then the test was regarded as negative for cancer vMLo if 60% or less of 
the cells were destroyed, the test was cna^ddered positive for cancer. 



The following statistical results were obtained (95% confidOTce limits): 





7m cut-off 


60% cut-off 


S0% cut-off 




SensUivitv 


Sensiti\fitv 


Sensitivihi 


Active concer 


74% 


68% 


61% 


Non-cancjer 


61% 


XI% 


86% 




Specificity 


Soecjficitv 


Specifldtv 


Non-cancer 


61% 


Rl% 


86% 



These results wliicb had b<?en obtain from General population without 



10 selection show that the screemng method of die present uivcntion is sufficiently 
sensitive, i.e. capable of testing cancer patients as positive for cancer as well as 
highly specific, i.e. c^ble of testing healthy subjects as negalive for cancer), 

in addition, for a chosen cut-off of 60% die Wilcoxon Rimk Sum Test was 
used in order to determine whether there is a stalislically significant shift in the 

15 index values between the cancer groups and tiie non-cancer groups. A rank-sum 
normal statistic with correction Z = -4.25, and p-value < 0.0001 was obUwied. This 
result shovvs dial there is a statistic^ily significant difference between the 
distribution of test scores in active cancer group and non cancer groups. 

The effect of antibintias on the validity on the index values was also 

20 evaluated. Out of the tested subjects, 1 of the 38 acdve cancer subjects and 10 of 
the non-cancer subject were treated with antibiotics. In the foimcr case an mdcx 
value of 24 was obtained as compared to a mean value of 44.2 for die lemahidet' of 
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thc group jDaembers, while In the latter case a luwiu iijdex value of 74.5 was 
obtained as compared to 66.9 among the remainder of the group members. 

These resuhs may suggest diat there is no apparent elTect of treatment with 
antibiotics on the IXJMl obtained. 



5 EXAMPLE m 

Churacteriz^on of fecal bacteria derived L-PAR 

In order to characteriTe I^PAR from fecal bacteria, Ifae exptroiiioxi levels of 

the enzyme by tecal derived bacteria was determined Assessment of due level of 

e?qjression was performed by Immnnoblots, asing a specific antibody, and by 
10 assessing the amount of specific mRNA using conventional molecular methods 

such as reverse transcription (K1>PCK. In addition. L-PAR TT activity may be 

directly evaluated by the use of a standard enigmatic assay. 



FecflJ bacteria were grown anaerobically, collected and disrupted by 
15 sonic^tion. Rflcterial proteins were separated by poIyaciylaroi.de gel electrophoresis, 
blotted to njtrocelUiIa*?e and probed wIQi asparaginase Il-spccific antiscro. 



Reverse transcription (RT)-PCR is a vahiable tool widely used for gene 
expression. la bacteria, RT-PCR is helpful beyond standard protocolf; of nonhem 
2U blot PJ^A^NA hybridization to identify specific transcripts. Ki-FCK has been 
successftdly u^cd widi different microorganisms such as 5. aiavus, C. boMwiim, 
M, rubercidotiUi and fungi. 

Accordingly, in. order to assess the Irdiiscription level of the enzyme bacteria 
is grown anaerobically from which bacterial RNA is isolated quantitative RT-PCR 
25 13 performed using primers specific to L^PAR U (acuording to published gene 
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sequenoe of this etu^mc). The sequence of the L-ASPARAGINASE n well 
defined and may be available, ifiter alia^ through NCBI (Aocessiuu No. M34277). 

It ha^ been foitnd that the presence of L-PAK U mRNA could be detected 
without the need of amplification of the sequence by RT-PCR, while, in order to 
5 detect the mRNA from samples obtained from cancer patients one or more RT- 
PCR amplifications were required. These results teach the correlation between the 
level of expression of L-PAR n and the probability of a subject to hove cancer, Le. 
feces derived bacteria from healthy subjects have a high level of expression of Lr 
PAR n while fcccs-dcrivcd bacteria from sick subjects have a low level of 
10 expression of LrPAR II. 

Spheroplasts are generated by treating anaerobicaJIy grown bacteria with 
lysozyme and EDTA following osmntic sbnck. Under these conditions, L-PAR U 
has been shown to be released into the medium while most of the L-PAR I remain 

15 intracellularly. 

Asparaginase activity is assayed using the method of direct Nessleri 
ammonia according to which the rate of hydrolysis of asparagine by the enzyme is 
determined. In particular, ammonia reacts with Nessler's reagent to form a 
yellowish-brownish complex that can be quantified by spectrophotometo:. Nessler 

20 reagent is an alkaline solution of potassium mercuric iodide commonly used m 
analytical chcmistiy, especially for testibag the presence of ammonia in aqueous 
solutions (water sample, blood sample or urine sample). 

Alternatively, it is possible to determine L-PAR II levels in mixtures of the 
two isofonns (I and II). The method requires calculation of the ratio of activity at 
25 pll 5,0 and pH 8.4 and applying a mathematical equation to correct the contribution 
of die activity of each isofomL 



